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(57) ABSTRACT

The invention relates to a housing (1) for a fluid machine, in
particular for a radial fan (2), comprising at least one
housing part (3), wherein the housing part (3) has at least one
inlet opening (7), wherein the housing part (3) can at least
partially delimit a fluid chamber (8) for receiving at least one
fan wheel (9), and wherein the inlet opening (7), at least in
part, has a curved inlet surface (11). To produce a housing
(1) for a fluid machine, in particular a housing (1) for a radial
fan, preferably for use in a car seat and offering reduced
noise emission together with good performance, the curved
inlet surface (11) has at least in part the form of a logarithmic
spiral in cross-section, and/or at least one guide element (21)
extends from the inlet surface (11) towards a central axis of
the inlet opening (7), and/or on the inside (17) of the housing
part (3) there is provided a circumferential recess (25) which
at least partially circumferentially surrounds the inlet open-
ing (7) and/or a circumferential projection (6) which at least
partially surrounds the inlet opening.

17 Claims, 17 Drawing Sheets
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HOUSING FOR A FLUID MACHINE, IN
PARTICULAR FOR A RADIAL FAN

This application is a continuation application of U.S.
patent application Ser. No. 16/631,580, filed on Jan. 16,
2020, now U.S. Pat. No. 11,225,976, issued Jan. 18, 2022,
which was the National Stage of International Patent Appli-
cation No. PCT/EP2018/067851, filed Jul. 2, 2018, which
claims priority to DE102017116130.9, filed Jul. 18, 2017,
the entire contents of which are hereby incorporated by
reference.

The invention relates to a housing for a turbomachine, in
particular for a radial fan.

Housings for turbomachines, in particular for radial fans,
and radial fans themselves, are known in a multiplicity of
embodiments in the prior art. Turbomachines, in particular
radial fans, commonly serve for transporting gaseous media,
for example air, through a flow system by virtue of the
rotation of an impeller influencing the pressure conditions in
the flow system and causing a volume flow.

Turbomachines or radial fans are often used for cooling
purposes. One exemplary field of use is the ventilation of
automobile seats, in the case of which at least one turboma-
chine, in particular at least one radial fan, is arranged in the
seat. The turbomachine causes at least one volume flow
which exchanges the air in the region between a passenger
and the seat surface, in particular conducts said air away
from the seat surface and/or feeds said air to the seat surface.

In such fields of use, in which persons are present in the
immediate vicinity of an operating turbomachine, reducing
the noise emissions while simultaneously achieving a high
fan power is of primary importance. The turbomachines, in
particular radial fans, known from the prior art have the
disadvantage here that, for example in the case of high
volume flows and/or pressure levels, noise emissions are
generated which are unpleasant for the passenger(s).

The present invention is therefore based on the object of
specifying a housing for a turbomachine, in particular a
housing for a radial fan, preferably for use in an automobile
seat, in the case of which the noise emissions are reduced
and, at the same time, high power values are achieved.

The above-stated object is achieved by means of a hous-
ing for a turbomachine, in particular for a radial fan. The
housing has at least one first housing part with at least one
first inlet opening. At least one fluid chamber for accom-
modating at least one fan wheel can be at least partially
delimited by means of the housing part. The housing part is
for example a housing shell of a two-part housing. The
housing and/or the housing part has, in particular, the spiral
form that is common for radial fans. In the assembled state,
the fluid chamber is consequently delimited by the first
housing part and the second housing part, and the fan
impeller is held rotatably between the first housing part and
the second housing part. Alternatively, the housing part is a
cover element on a single-part or multi-part housing. The
housing part preferably has at least one outlet opening,
and/or at least partially delimits an outlet opening of the
housing in the assembled state. In the assembled state in a
radial fan, it is for example the case that air is drawn into the
fluid chamber at the inlet opening by means of the fan wheel
and subsequently emerges from the housing again at the
outlet opening.

Provision is preferably made whereby the housing is
designed for single-flow radial fans, that is to say for radial
fans with at least one central inlet opening, wherein, in the
assembled state, the inlet opening is in particular arranged
such that the inlet opening lies in a plane which is parallel
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to the plane of rotation of the impeller. Alternatively, pro-
vision is made whereby the housing is designed for a dual
flow radial fan, that is to say has at least one first inlet
opening and at least one second inlet opening. The first inlet
opening and the second inlet opening are preferably
arranged opposite one another, in particular of identical
design. The inlet opening is preferably of circular form.

According to the present invention, the circumference of
the inlet opening is not merely formed as a material recess
in the housing part, but rather the circumference of the inlet
opening is formed at least in certain portions as a curved
inlet face. The curved inlet face preferably extends over the
entire extent of the inlet opening. The inlet opening is
consequently, in the region of its circumference, formed
convexly in the direction of a central axis of the inlet
opening at least in certain portions. In particular, the curved
inlet face extends, in cross section, from an outer side of the
housing part to an inner side of the housing part.

The boundary layer of a flow in the region of the inlet
opening, in particular at the circumference of the inlet
opening, is advantageously extended by virtue of the curved
inlet face, in cross section, at least partially having the form
of a logarithmic spiral. By means of the extension of the
boundary layer, turbulence formation and dead water
regions are reduced, whereby the noise emissions can be
reduced or, for the same noise emissions, the pressure can
for example be increased.

Suitable as a form for the surface of the inlet face in cross
section is any logarithmic spiral in the case of which, with
every rotation about its central point, which in this case lies
in particular on a circular path around a central axis of the
inlet opening, the spacing to said central point increases or
decreases by the same factor. Here, “in cross section” means
in any section plane that encompasses a central axis of the
inlet opening. The form of the inlet face in the cross section
can be described mathematically in polar coordinates (r,¢)
using the following formula:

) are

Here, k is the constant gradient of the spiral, which is
non-zero. a and k are elements of the real numbers, and e is
Euler’s number.

The cross section is preferably of rotationally symmetrical
form about the central axis over the entire circumference of
the inlet opening. A portion in the cross section which has
the form of a logarithmic spiral preferably extends from the
outer side of the housing part to the inner side of the housing
part. The portion preferably has at least two different radii.

In a first embodiment of the housing, it has proven to be
particularly advantageous if provision is made whereby the
logarithmic spiral is a Fibonacci spiral, in particular
whereby the cross section corresponding to the logarithmic
spiral—at least one portion of the inflow face in the cross
section—has at least two different radii of curvature. In
particular with at least two radii of curvature which relate to
one another with a factor of approximately 1.618034. The
curved inlet face preferably corresponds, in the cross sec-
tion, to at least a part of a Fibonacci spiral, in particular with
a swept center angle for the spiral of more than 90°.
Mathematically, the form of the inlet face can be described
in polar coordinates as follows:

) are
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Here, the gradient is

V541

k d o= 5

2-1n(®)
= an
Fie

The form of the Fibonacci spiral advantageously prevents
a flow detachment in the region of the curved inlet face, such
that the noise emissions as a result of the fluid flowing
through the inlet opening to the fluid chamber in the direc-
tion of the impeller is reduced.

In a further embodiment of the housing, provision is
preferably made whereby the inlet opening is, in particular
on an outer side of the housing part, surrounded by a domed
elevation, and whereby the curved inlet face extends at least
partially on the domed elevation. The domed elevation
preferably projects on the outer side of the housing part as
a projection which circumferentially surrounds the inlet
opening. The domed elevation has a surface which prefer-
ably has a continuous course in cross section.

The convexly curved inlet face advantageously extends at
least partially on the domed elevation, in particular in a
region of the domed elevation which comprises a local
maximum of the domed elevation. The form of the domed
elevation in the cross section preferably corresponds, at least
75%, to the form of a logarithmic spiral. By means of the
domed elevation, the inlet opening is extended parallel to the
central axis of the inlet opening, such that a boundary layer
can form earlier. The domed elevation preferably has a
height of between 3 mm and 10 mm, in particular of 6 mm,
proceeding from a surface of the outer side of the housing,
in particular in a direction parallel to a central axis of the
inlet opening. By means of the domed elevation and the inlet
face, an advantageous surface geometry is consequently
formed in the region of the inlet opening, which surface
geometry has the form of a logarithmic spiral, in particular
of a Fibonacci spiral, in the cross section.

In a further embodiment, the stability of the housing part
can advantageously be increased by virtue of the domed
elevation being at least partially surrounded by a supporting
structure. The domed elevation is preferably entirely sur-
rounded by a supporting structure. The supporting structure
extends on the outer side of the housing part and increases
the stability thereof. The supporting structure is preferably
of honeycomb-like form, such that the inlet opening is
surrounded by a multiplicity of honeycomb-like portions.
The honeycomb-like supporting structure extends in par-
ticular parallel to the central axis of the inlet opening. It is
preferable if the height of the supporting structure—in a
direction parallel to the central axis of the inlet opening—is
equal to the maximum height of the domed elevation in said
direction, such that the domed elevation and the supporting
structure terminate in a flush manner.

In a further embodiment, it is possible in particular for the
boundary layer that forms in the flow to be further enlarged
in particular by virtue of the curved inlet face projecting on
the housing part on the inner side of the housing part. The
inlet face is consequently of lengthened form on the inner
side of the housing part in the cross section so as to form a
projection on the inner side. In the assembled state, the
curved inlet face consequently extends circumferentially at
least partially into the fluid chamber delimited by the
housing part.

In a further embodiment of the housing, provision is made
whereby the inlet face has at least one local guide projection,
in particular whereby the local guide projection extends in a
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plane which encompasses a central axis of the inlet opening.
It is preferable for a multiplicity of guide projections to be
arranged on the inlet face, which guide projections reduce
the formation of flow components in a circumferential
direction.

A further embodiment of the housing furthermore pro-
vides for the inlet face to have at least one recess extending
over a part of the circumference of the inlet opening. The
recess is preferably formed so as to locally reduce the height
of the domed elevation and/or to locally enlarge the clear
cross section of the inlet opening. The noise emissions are
additionally reduced by means of the recess.

The object stated in the introduction is furthermore
achieved in the case of a generic housing through the various
embodiments in that at least one guide element extends from
the inlet face in the direction of a central axis of the inlet
opening. The guide element is designed so as to influence the
flow of the entering fluid in a predetermined manner, for
example the direction thereof. The guide element is designed
and configured to influence the flow. The guide element
extends from the inlet face in the direction of the central axis
of the inlet opening and is supported for example with a
support element on the inlet face, in particular on the
opposite side on the circumference. Provision is also made
whereby the guide element extends beyond the central axis
to the opposite side.

This exemplary embodiment could also be referred to as
involving two guide elements which each extend in the
direction of the central axis and which meet and are sup-
ported on one another at the central axis.

One refinement of the housing provides for an inlet ring
which at least partially covers the inlet opening to be held by
means of the guide element, preferably by means of two
guide elements, on the housing part. The flow entering
through the inlet opening is in this case influenced both by
the inlet ring and by the guide element. The guide element
extends in a radial direction between the inlet face and the
inlet ring. The largest diameter of the inlet ring is preferably
smaller than or equal to the smallest diameter of the inlet
opening. For example, two guide elements are arranged
opposite one another or offset with respect to one another
over the circumference.

In one refinement, it has proven to be particularly advan-
tageous if at least one guide element, preferably all guide
elements, have at least one guide face with an at least
two-dimensional extent. The guide face serves for diverting
the flow, in particular for realizing a change in direction. For
example, a guide element has two guide faces which are
preferably arranged opposite one another—opposite sur-
faces of the guide element. In particular, the at least one
guide face is curved, and it is preferable for both guide faces
to be curved. For example, the curved shape corresponds to
the form of a logarithmic spiral, preferably of a Fibonacci
spiral with at least two different radii of curvature. Provision
is advantageously furthermore made whereby the guide face
is inclined relative to a central axis of the inlet opening in a
circumferential direction. This means that the guide face is
arranged such that a flow is diverted at least partially into a
tangential and/or circumferential direction of a circular path
around the central axis.

In a further embodiment of the housing, provision is
preferably made whereby more than two guide elements, in
particular between five and ten guide elements, are provided,
preferably whereby the guide elements are arranged uni-
formly or asymmetrically over the circumference of the inlet
face. In the case of a uniform arrangement, the spacing over
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the circumference—in particular the center angle—between
all guide elements is identical.

For example in the case of an unchanging volume flow
and unchanging noise emissions, the guide elements
increase the pressure that can be generated by a radial fan
with a housing of said type. The guide element or the guide
elements simultaneously perform the function of a covering
grille for the inlet opening and prevent an ingress of solids
of a particular size.

In the case of an asymmetrical arrangement, the spac-
ing—the center angle—between the guide elements varies
over the circumference. In a polar coordinate system which
lies on the outer side of the housing part and the pole of
which coincides with a central axis of the inlet opening and
the pole axis of which is orthogonal with respect to the
central axis of an outlet opening, the guide elements are
arranged closer together—the center angles between the
guide elements are smaller—in an angle range between 90°
and 250°, in particular 90° and 180°—the pressure region—,
than in an angle range between 250° and 360°. In the case
of a non-uniform spacing of the guide elements to one
another, the perceptible noise emissions can advantageously
be further reduced.

In one refinement, provision is very particularly advan-
tageously made whereby at least a proportion of the guide
elements is spaced apart over the circumference of the inlet
face with spacings—center angles—which relate to one
another in accordance with the Fibonacci sequence. Owing
to excessively small spacings, it is for example the case that
the first elements of the Fibonacci sequence are not taken
into consideration, such that, preferably, the first spacing or
center angle between a first and a second guide element
corresponds to the seventh element of the Fibonacci
sequence, that is to say the number 13, and consequently the
first center angle amounts to 13°. All subsequent guide
elements over the circumference are spaced apart such that
the spacing—the center angle—is formed in each case from
the sum of the two preceding spacings. In particular, the
spacing between a first and a second guide element begins
with a center angle of 13°, resulting in a center angle of) 21°
(13°+8°) between the second and third guide element. The
subsequent center angles are likewise determined in each
case from the sum of the two preceding center angles.

In particular, provision is made whereby the guide faces
are spaced apart from one another over the circumference
most closely in the region in which the pressure region is
situated on the inner side of the housing part, in the fluid
chamber, in particular in the above-described angle range
between 90° and 180° in the polar coordinate system. This
is the region that is arranged under the tongue of the radial
fan.

The pressure that can be attained with unchanged noise
emissions can advantageously be further increased in that, in
a further refinement, provision is made whereby the inlet
ring has a surface which is oriented in the direction of the
circumference of the inlet opening and which has a cross
section which at least partially has the form of a logarithmic
spiral, in particular of a Fibonacci spiral, and/or whereby the
inlet ring has a surface which is averted from the circum-
ference of the inlet opening and which has a cross section
which at least partially has the form of a logarithmic spiral,
in particular of a Fibonacci spiral. In this way, the flow
attaches to the inlet ring with an advantageous boundary
layer in the region of the inlet opening. The surfaces of the
inlet ring are those surfaces which are oriented substantially
in the same way as the inlet face.
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It is preferable if both the inside surface—in cross sec-
tion—and the outside surface—in cross section—of the inlet
ring are almost entirely formed so as to have the form of a
Fibonacci spiral, in particular with at least two different
radii.

Particularly advantageous results can be achieved if the
exemplary embodiments of the above-described solution
according to the invention are combined with the solution
according to the invention described immediately above,
that is to say if for example an inlet ring with guide elements
is combined with an inlet face which, in terms of its form,
is curved in accordance with a logarithmic spiral.

The object stated in the introduction is furthermore
achieved in the case of a generic housing through the
additional embodiments in that an encircling set-back struc-
ture which at least partially circumferentially surrounds the
inlet opening, and/or an encircling projection which at least
partially surrounds the inlet opening, is formed on an inner
side of the housing part, in particular in that the encircling
set-back structure and/or the encircling projection has a
cross section which varies at least in certain portions,
preferably at least once, over the circumference.

The encircling set-back structure and/or the encircling
projection is formed on the inner side of the housing part,
such that, in the assembled state, it is a part of the fluid
chamber or, in the case of the encircling projection, projects
into the fluid chamber. The cross section of the encircling
set-back structure is preferably substantially U-shaped. The
encircling set-back structure is formed as a recess which is
at least partially set back in relation to the inner side of the
housing part, in particular in a direction parallel to a central
axis of the inlet opening, and which extends along the
circumference of the inlet opening. The encircling projec-
tion is formed as a domed elevation which at least partially
projects forward in relation to the inner side of the housing
part, in particular in a direction parallel to a central axis of
the inlet opening, and which extends along the circumfer-
ence of the inlet opening. Preferably, the encircling set-back
structure and/or the encircling projection directly adjoins the
inlet opening in a radial direction. Provision is for example
made whereby an encircling projection extends over one
part of the circumference and an encircling set-back struc-
ture extends over another part of the circumference.

In particular, provision is made whereby, in the exemplary
embodiments with the domed elevation, the encircling set-
back structure is arranged within the domed elevation, such
that, with an approximately constant wall thickness of the
housing part, a domed elevation and an encircling set-back
structure are formed simultaneously. For example, the encir-
cling set-back structure has a constant cross section over the
entire circumference. By means of the encircling set-back
structure and/or the encircling projection, the flow charac-
teristics of the housing part in the region of the inlet opening
are improved; in particular, with unchanged noise emissions
and at volume flows above 2.5 liters per second, the pressure
is increased. The encircling set-back structure advanta-
geously prevents the backflow of fluid.

Provision is made whereby the encircling set-back struc-
ture and/or the encircling projection has a cross section
which varies at least in certain portions along the circum-
ference. The cross section, that is to say in particular the
height or width of the encircling set-back structure or of the
encircling projection, vary at least over the circumference at
least at one point. The encircling projection is in particular
formed in one piece with the housing part.

In a first embodiment, it has proven to be particularly
advantageous if the encircling set-back structure has a basic
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cross section in at least one first arc segment on the circum-
ference, and has a varying fill cross section in at least one
second arc segment, in particular that the fill cross section
extends over an arc segment with a center angle of between
1° and 359°.

The basic cross section is in particular the cross section
with the greatest clear width and clear height of the encir-
cling set-back structure over the circumference. The clear
cross section in the fill cross section is reduced in relation to
the basic cross section, wherein the degree of the reduction
may vary over the arc segment of the fill cross section. The
fill cross section is preferably arranged on the circumference
in such a way which is situated below the tongue of the
radial fan and below the outlet opening.

In a further embodiment, provision is furthermore made
whereby the encircling set-back structure has a free basic
area—<clear cross section—in the basic cross section, and
whereby the free basic area is reduced at least in certain
portions in the fill cross section. For example, the basic cross
section has a basic height, wherein the basic height is
reduced in the fill cross section. The basic height is prefer-
ably the height of the clear cross section of the encircling
set-back structure parallel to the central axis of the inlet
opening between the deepest point of the encircling set-back
structure in the cross section and the highest point of the
encircling set-back structure at the transition to the delimi-
tation of the inlet opening.

The reduction of the basic height in the fill cross section
can advantageously be stated as a percentage reduction in
relation to the basic height in the basic cross section,
wherein, in particular, the basic height can be reduced in
certain portions to 0. Provision is made in particular
whereby, over the circumference, the basic height is reduced
by 100% at at least one or at least two points, that is to say
the fill cross section has one or two regions with maximum
filling of the encircling set-back structure.

In a further embodiment of the housing, it has proven to
be advantageous if provision is made whereby, in a polar
coordinate system which lies against the inner side of the
housing part and the pole of which coincides with a central
axis of the inlet opening and the pole axis of which is
orthogonal with respect to a central axis of an outlet opening
of the housing, the fill cross section extends in an angle
range between 120° and 360°, in particular between 135°
and 358°. The fill cross section is consequently arranged in
a region which is arranged partially in the region of the
outlet opening and predominantly below the outlet opening,
such that the fill cross section is arranged substantially in
that region of the radial fan in which the build-up of pressure
occurs.

In a further embodiment of the housing, provision is
furthermore made whereby the fill cross section has, in
particular in a radial direction, a continuous or discontinuous
profile. The profile of the fill cross section is the region of the
transition of the encircling set-back structure to the fluid
chamber in the cross section. In particular, the profile
extends over the width—in a radial direction—of the encir-
cling set-back structure in the cross section. The profile in
the cross section is in particular of linear, arcuate and/or
stepped form.

One refinement of the housing provides for the encircling
projection to extend in at least one projection arc segment
along the circumference, in particular for the projection arc
segment to have a center angle between 1° and 359°, in
particular 220°. In particular, the encircling projection con-
sequently does not extend along the entire circumference but
only over a part of the circumference, the projection arc
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segment. The projection arc segment has in particular a
center angle of approximately 220° and is arranged in the
pressure region of a radial fan.

In a further embodiment, this means in particular that, in
a polar coordinate system which lies against the inner side
of the housing part and the pole of which coincides with a
central axis of the inlet opening and the pole axis of which
is orthogonal with respect to the central axis of an outlet
opening, the projection arc segment extends in an angle
range between 120° and 360°, in particular in an angle range
between 135° and 355°.

Furthermore, in one refinement, provision is made
whereby the encircling projection has a cross section which
varies over its extent. For example, the encircling projection
has a cross section which decreases continuously in both
circumferential directions proceeding from a maximum
cross section.

In particular in the case of multi-part embodiments, it has,
in one refinement, proven to be advantageous for the encir-
cling projection to be at least partially inset into the housing
part. In the case of such an embodiment, the encircling
projection is for example inserted as a separate part into a
recess provided for it on the housing part, and is fastened to
the housing part. In this way, it is possible to realize more
uniform transitions between encircling projection and hous-
ing part.

It has furthermore proven to be particularly advantageous
to combine the features of the above-stated solutions accord-
ing to the invention with one another, such that the best
results are achieved for example with a housing in the case
of which the inflow face has the form of a Fibonacci spiral,
the inlet ring is likewise formed with Fibonacci surfaces, and
an encircling set-back structure with fill cross section is
present on the inner side. A first housing part according to
the invention may advantageously be joined together with a
known second housing part to form a housing according to
the invention.

The housing is preferably used for a radial fan, having at
least one fan wheel, wherein the fan wheel can be driven by
a drive means, and wherein the fan wheel is arranged
rotatably in the housing. A radial fan with a housing of said
type is particularly preferably suitable for the air-condition-
ing of a vehicle seat.

In detail, there are now numerous possibilities for devel-
oping and refining the housing. In this regard, reference is
made both to the dependent patent claims subordinate to the
independent patent claims, and to the following description
of preferred exemplary embodiments in conjunction with the
drawing.

In the drawing:

FIG. 1 shows a radial fan with an exemplary embodiment
of a housing;

FIG. 2 shows a section through the exemplary embodi-
ment as per FIG. 1;

FIG. 3 shows an exemplary embodiment of a housing
part;

FIG. 4 shows a radial fan with an exemplary embodiment
of a housing;

FIG. 5 shows an exemplary embodiment of a housing;

FIG. 6 shows a section through a further exemplary
embodiment of a housing;

FIG. 7 shows an exemplary embodiment of a housing;

FIG. 8 shows the exemplary embodiment as per FIG. 7 in
another view;

FIGS. 94 to g show exemplary embodiments of fill cross
sections,
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FIGS. 10a to /» show exemplary embodiments of circum-
ferential courses of the fill cross section,

FIG. 11 shows a radial fan with an exemplary embodi-
ment of a housing,

FIG. 12 shows an exemplary embodiment of a housing
part,

FIG. 13 shows the housing part as per FIG. 12,

FIGS. 14a to / show exemplary embodiments of cross
sections of the encircling projection, and

FIGS. 154 to / show exemplary embodiments of circum-
ferential courses of the encircling projection.

FIG. 1 shows an exemplary embodiment of a housing 1
for an illustrated radial fan 2. In this exemplary embodiment,
the housing 1 comprises a first housing part 3 and a second
housing part 4. The first housing part 3 and the second
housing part 4 are connected to one another. The housing
part 3 has an inlet opening 7 through which a fluid, for
example air, can flow into a fluid chamber 8 in which a fan
wheel 9 is rotatably held. The housing 1 furthermore has an
outlet opening 10 through which the fluid exits the radial fan
2 again at a higher pressure. The inlet opening 7 has, at its
circumference, a curved inlet face 11 which, in this exem-
plary embodiment, is convexly curved in the direction of the
central axis M of the inlet opening 7.

FIG. 2 shows a section through the exemplary embodi-
ment as per FIG. 1 in a plane which fully encompasses the
central axis M of the inlet opening 7. The fan wheel 9 is held
rotatably within the fluid chamber 8 between the first
housing part 3 and the second housing part 4. The curved
inlet face 11 which surrounds the inlet opening 7 over the
full circumference is formed, in a portion between an end 12
of the inlet face 11 within the fluid chamber 8 and approxi-
mately the midpoint 13, of a height 14, of a domed elevation
15, as a Fibonacci spiral with three different radii of curva-
ture. The inlet face 11 extends, in part, on the domed
elevation 15.

The domed elevation 15 surrounds the inlet opening 7
along the entire circumference and protrudes from an outer
side 16 of the housing part 3 in a direction parallel to the
central axis M (see FIG. 1). The domed elevation 15 has,
over its entire extent, a continuous course in cross section,
in particular including the inlet face 11. On an inner side 17
of the housing part 3, the curved inlet face 11 likewise
protrudes by way of its end 12.

FIG. 3 shows an exemplary embodiment of a housing part
3 in a perspective view. The housing part 3 is designed as a
covering ring of a housing 1. The inlet opening 7 has a
curved inlet face 11 which extends at least partially on a
domed elevation 15. The domed elevation 15 projects out of
the outer side 16 in a direction parallel to the central axis M.
A multiplicity of guide projections 18 are arranged in the
inlet face 11, wherein the guide projections 18 each extend
substantially in a plane which comprises the central axis M
of the inlet opening 7, that is to say which are not inclined
relative to the central axis M. In particular, the noises
generated by the radial fan 2 are further reduced by means
of a recess 19 in the domed elevation 15 and/or in the inlet
face 11. The recess 19 extends over a part of the circum-
ference.

FIG. 4 shows a radial fan 2 with an exemplary embodi-
ment of a housing 1 in a perspective view. In this exemplary
embodiment, the housing part 3 has an inlet ring 20 which
at least partially covers the inlet opening 7. The exemplary
embodiment in FIG. 1 likewise shows an inlet ring 20. The
inlet ring 20 is held on the housing part 3 by ten guide
elements 21 in FIG. 4 and is held on the housing part 3 by
three guide elements 21 in FIG. 1. The guide elements 21
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have a first guide face 22a and a second guide face 226 with
an at least two-dimensional extent. In FIG. 4, the guide faces
224 and 225 are inclined relative to the central axis M. In
FIG. 1 and FIG. 4, the guide elements are uniformly
distributed and spaced apart from one another on the cir-
cumference surrounding the inlet opening 7. The guide
elements 21 are arranged on the inlet face 11 and extend in
a radial direction in the direction of the inlet ring 20.

FIG. 5 shows an exemplary embodiment of a housing 1
from the outer side 16. The housing 1 has an inlet ring 20
which is held on the housing part 3, so as to partially cover
the inlet opening 7, by seven guide elements 21. A propor-
tion of the guide elements 21 are spaced apart from one
another on the circumference of the inlet opening 7 or of the
inlet face 11 such that the spacings Al to A5—the center
angles—relate to one another in accordance with the Fibo-
nacci sequence. This means that, proceeding from a first
spacing A1, which is based on a center angle of 13°—as the
seventh element of the Fibonacci sequence—, and a spacing
A2, which is based on a center angle of 21°—as the sum of
8° and 13°—, the following spacings correspond in each
case to the sum of the two preceding spacings or center
angles. Consequently, the center angle of the spacing A3 is
the sum of the center angles of A1 and A2, and the center
angle of A4 is the sum of the center angles of A2 and A3, and
the center angle of A5 is the sum of the center angles of A3
and A4. By means of the illustrated non-uniform distribution
of the guide elements 21 on the circumference, the pressure
can be increased while maintaining the same noise genera-
tion, in particular in the case of volume flows between two
and four liters per second.

In FIG. 5, in a polar coordinate system which lies against
the outer side 16 of the housing part 3 and the pole P of
which coincides with the central axis M of the inlet opening
7 and the pole axis PA of which is orthogonal with respect
to the central axis MA of the outlet opening 10, the first
guide element 21 is arranged with the spacing Al to the
second guide element 21 approximately at an angle of 90°.

In the exemplary embodiment of FIG. 1 and FIG. 2, the
inlet ring 20 has a surface 23 which is oriented in the
direction of the inlet face 11 and which, in the cross section
illustrated in FIG. 2, has, in part, in particular specifically
between an end 20g and a portion end 23a prior to the
change in the sign of the curvature of the face in the cross
section, the form of a Fibonacci spiral. Furthermore, in the
cross section, a surface 24, which is averted from the inlet
face 11, of the inlet ring 20 also has, in part, in particular
specifically between the end 20q and a portion end 24a at the
transition into the end face of the inlet ring, the form of a
Fibonacci spiral, in particular with at least two different
radii. By means of such a design of the inlet ring 20, it is
possible for the pressure of the radial fan 2 to be increased
while maintaining the same noise generation in the case of
virtually all volume flows.

FIG. 6 shows an exemplary embodiment of a housing 1
for an illustrated radial fan 2. The fan wheel 9 is held
rotatably within the fluid chamber 8 between the first
housing part 3 and a second housing part 4. At the inner side
17 of the housing part 3, on the opposite side of the domed
elevation 15, there is formed an encircling set-back structure
25 which surrounds the inlet opening 7 over the full cir-
cumference. The encircling set-back structure 25 is, in the
section illustrated, designed such that the wall thickness is
approximately constant in the region of the inlet face 11 and
of the domed elevation 15. By means of the encircling
set-back structure 25, it is possible, while maintaining the
same noise generation, in particular in the case of volume
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flows of greater than two liters per second, for the pressure
to be increased in relation to exemplary embodiments with-
out an encircling set-back structure 25. In this exemplary
embodiment, an inner flank 31 of the encircling set-back
structure 25 is formed parallel to the central axis M of the
inlet opening 7.

FIG. 7 and FIG. 8 show an exemplary embodiment of a
housing part 3 from the inner side 17. FIG. 8 shows the
exemplary embodiment in a perspective view. The encir-
cling set-back structure 25 extends over the entire circum-
ference of the inlet opening 7. In a first arc segment 26 along
the circumference, the encircling set-back structure 25 has a
basic cross section 27, which is illustrated for example in
FIG. 6. In a second arc segment 28, the encircling set-back
structure 25 has a fill cross section 29, the cross section of
which deviates from the basic cross section 27 and varies. In
the illustrated exemplary embodiment, the fill cross section
29 extends over a second arc segment 28 with a center angle
of approximately 220°. In a polar coordinate system which
is directed onto the inner side 17 of the housing part 3 and
the pole P of which coincides with the central axis M of the
inlet opening 7 and the pole axis PA1 of which is orthogonal
with respect to a central axis MA1 of the outlet opening 10
of the housing 1, the illustrated fill cross section 29 is—with
its total center angle of 220°—arranged in an angle range
between 138° and 358°. In FIG. 8a, the fill cross section 29
is illustrated by dashed lines merely for illustrative purposes;
it is not a section.

FIG. 94 to FIG. 9g show exemplary embodiments of the
basic cross section 27 and of the fill cross section 29 of the
encircling set-back structure 25. The cross section reduced
in relation to the basic cross section 27 is illustrated by
hatching in FIG. 95 to FI1G. 9g merely for the purposes of a
simplified illustration; it is not a different material. FIG. 9a
shows the encircling set-back structure 25 with a basic cross
section 27 which, in the cross section, has a free basic area
30 with a basic height GH, which is measured at the inner
flank 31 between an imaginary plane at the inner side 17 and
that point 30 in the basic cross section 27 which is furthest
remote from said plane along the central axis M or the inner
flank 31.

FIG. 95 to FIG. 9g show exemplary embodiments of the
fill cross section 29 with different profiles 33 in the base
region over the width of the encircling set-back structure 25.
In the cross section, the profiles 33 have, in particular in a
radial direction proceeding from the central axis M, either a
continuous, arcuate course (FIGS. 9¢ and 9e¢), a linear course
(FIGS. 95, 9d and 9f) or a stepped course (FIG. 9g). FIG. 95
to FIG. 9¢ show in each case a section in the region of the
maximum reduction of the free basic area 30. Proceeding
from the illustrated maximum reduction of the of the free
basic area 30, this increases again in both circumferential
directions in that, with a constant profile 33, a continuous
increase of the free basic area 30 is realized—the hatched
area decreases proceeding from the illustrated maximum
area.

FIG. 10a to FIG. 10/ show exemplary embodiments of
the course of the fill cross section 29 in percent—on the
ordinate axis. The value of 100% is illustrated in all exem-
plary embodiments of FIGS. 95 to 9g; the course illustrated
in FIG. 10a to FIG. 10% is realized over the circumference
proceeding from said maximum value. The circumference is
illustrated on the basis of the angle in a coordinate system as
per FIG. 7 on the abscissa axis. The exemplary embodiments
of FIGS. 10d, 10e and 10f show exemplary embodiments
with at least two second arc segments 28 with a varying fill
cross section 29, which, at least locally on the circumfer-
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ence, has one of the profiles of FIG. 96 to FIG. 9g,
specifically at the illustrated maxima. The exemplary
embodiments of FIGS. 10a, 105, 10c¢, 10g and 10/ show
exemplary embodiments in which the second arc segment 28
extends with the fill cross section 29 approximately fully
over the entire circumference.

FIG. 11 shows an exemplary embodiment of a housing 1
for an illustrated radial fan 2. As in the exemplary embodi-
ment as per FIG. 1, over the entire circumference of the inlet
opening 7, the inlet face 11 has, in cross section, a form
which corresponds to the form of the Fibonacci spiral, in
particular with three different radii. The inlet face 11 extends
at least partially on a domed elevation 15 which surrounds
the inlet opening 7. On the outer side 17 of the housing part
3, the domed elevation 15 is surrounded by a honeycomb-
like supporting structure 5, the height of which corresponds
to the height 14—see FIG. 2—of the domed elevation 15.
The supporting structure 5 is formed in one piece with the
housing part 3 and serves in particular for stabilizing the
housing part 3. In this exemplary embodiment, the support-
ing structure extends over the entire face of the outer side 16.

FIG. 12 and FIG. 13 show an exemplary embodiment of
a housing part 3 from the inner side 17. The inlet opening 7
is, along its circumference, partially surrounded by an
encircling projection 6, which extends over a projection arc
segment 34 which covers a center angle of approximately
250°—see FIG. 12. In a coordinate system as per FIG. 7, the
projection arc segment 34 is arranged approximately in an
angle range between 135° and 25°. The encircling projection
6 is illustrated with hatching merely for illustrative pur-
poses. In this exemplary embodiment, the encircling pro-
jection 6 is formed in one piece with the housing part 3. The
encircling projection 6 is, in the assembled state, arranged
substantially in the pressure region of a radial fan 2, whereby
the performance characteristics are advantageously influ-
enced.

FIGS. 144 to 14g show exemplary embodiments of encir-
cling projections 6 in cross section, specifically at a point
with the maximum area of the encircling projection in the
cross section. Proceeding from the areas illustrated in FIG.
14a to FIG. 144, the area of the encircling projection 6 in the
cross section decreases continuously or has a course which
is illustrated in FIGS. 154 to 154. Here, the sections illus-
trated in FIG. 144 to FIG. 14/ are at the absolute maximum
of FIG. 154 to FIG. 154. The stated angles in FIG. 154 to
FIG. 154 relate to a coordinate system as per FIG. 7.

In the exemplary embodiments of FIG. 14a to FIG. 144,
the encircling projection 6 is formed as a separate part and
is inserted and fastened into a recess 35 in the housing part
3. The illustrated encircling projections 6 have a polygonal
and/or at least partially curved cross section. A maximum
height 36, illustrated by way of example in FIGS. 14a and
14g, of the encircling projection 6 is preferably selected such
that a gap between a fan wheel 9 and the maximum height
36 amounts to between 1 mm and 5 mm.

The invention claimed is:

1. A housing (1) for a radial fan (2), said housing
comprising: at least one housing part (3), wherein the
housing part (3) has at least one inlet opening (7), wherein
a fluid chamber (8) for accommodating at least one fan
wheel (9) can be at least partially delimited by the housing
part (3), and an encircling set-back structure (25) which at
least partially circumferentially surrounds the inlet opening
(7) is formed on an inner side (17) of the housing part (3),
wherein the encircling set-back structure (25) has a basic
cross section (27) in at least one first arc segment (26) along
the circumference, and has a varying fill cross section (29)
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in at least on second arc segment (28), wherein the varying
fill cross section (29) extends over an arc segment (28) with
a center angle of between 1° and 359°.

2. The housing (1) as claimed in claim 1, wherein the
encircling set-back structure (25) has a free basic area (30)
in the basic cross section (27), and in that the free basic area
(30) is reduced in the varying fill cross section (29).

3. The housing (1) as claimed in claim 1, wherein in a
polar coordinate system which lies against the inner side
(17) of the housing part (3) and the pole (P) of which
coincides with a central axis (M) of the inlet opening (7) and
the pole axis (PA1) of which is orthogonal with respect to the
central axis (MA1) of an outlet opening (10), the varying fill
cross section (29) extends in an angle range between 120°
and 360°.

4. The housing (1) as claimed in claim 1, wherein the
varying 40 fill cross section (29) has a continuous or
discontinuous profile (33) comprising a linear, arcuate and/
or stepped profile (33).

5. The housing (1) as claimed in claim 1, wherein the
housing part (3) is formed from a plastic.

6. A radial fan (2), having at least one fan wheel (9),
wherein the fan wheel (9) is arranged rotatably in a fluid
chamber (8) of a housing (1), the housing having at least one
housing part (3), wherein the housing part (3) has at least one
inlet opening (7), wherein the fluid chamber (8) for accom-
modating the at least one fan wheel (9) is at least partially
delimited by the at least one housing part (3), and an
encircling set-back structure (25) which at least partially
circumferentially surrounds the inlet opening (7), and an
encircling projection (6) which at least partially surrounds
the inlet opening, is formed on an inner side (17) of the at
least one housing part (3), wherein the encircling set-back
structure (25) has a basic cross section (27) in at least one
first arc segment (26) along the circumference, and has a
varying fill cross section (29) in at least one second arc
segment (28), wherein the varying fill cross section (29)
extends over an arc segment (28) with a center angle of
between 1° and 359°.

7. The radial fan (2) as claimed in claim 6, wherein the
encircling set-back structure (25) has a free basic area (30)
in the basic cross section (27), and in that the free basic area
(30) is reduced in the varying fill cross section (29).

8. The radial fan (2) as claimed in claim 7, wherein in a
polar coordinate system which lies against the inner side
(17) of the housing part (3) and the pole (P) of which
coincides with a central axis (M) of the inlet opening (7) and
the pole axis (PA1) of which is orthogonal with respect to the
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central axis (MA1) of an outlet opening (10), the varying fill
cross section (29) extends in an angle range between 120°
and 360°.

9. The radial fan (2) as claimed in claim 6, wherein the
varying fill cross section (29) has a continuous or discon-
tinuous profile (33) comprising a linear, arcuate and/or
stepped profile (33).

10. A radial fan (2) as claimed claim 6, wherein the
encircling projection (6) extends in at least one projection
arc segment (34) along the circumference the projection arc
segment (34) having a center angle between 1° and 359°.

11. A radial fan (2) as claimed in claim 10, wherein a polar
coordinate system which lies against the inner side (17) of
the housing part (3) and the pole (P) of which coincides with
a central axis (M) of the inlet opening (7) and the pole axis
(PA1) of which is orthogonal with respect to the central axis
(MA1) of an outlet opening (10), the projection arc segment
(34) extends in an angle range between 120° and 360°.

12. A radial fan (2) as claimed claim 6, wherein the
encircling projection (6) has a cross section which varies
over its extent.

13. A radial fan (2) as claimed in claim 6, wherein the
encircling projection (6) is at least partially inset into the
housing part (3).

14. A housing (1) for a radial fan (2), said housing
comprising: at least one housing part (3), wherein the
housing part (3) has at least one inlet opening (7), wherein
a fluid chamber (8) for accommodating at least one fan
wheel (9) can be at least partially delimited by the housing
part (3), and an encircling projection (6) which at least
partially surrounds the inlet opening, is formed on an inner
side (17) of the housing part (3), wherein the encircling
projection (6) has a cross section which decreases continu-
ously over its extent.

15. The housing (1) as claimed claim 14, wherein the
encircling projection (6) extends in at least one projection
arc segment (34) along the circumference, the projection arc
segment (34) having a center angle between 1° and 359°.

16. The housing (1) as claimed in claim 15, wherein in a
polar coordinate system which lies against the inner side
(17) of the housing part (3) and the pole (P) of which
coincides with a central axis (M) of the inlet opening (7) and
the pole axis (PA1) of which is orthogonal with respect to the
central axis (MA1) of an outlet opening (10), the projection
arc segment (34) extends in an angle range between 120°
and 360°.

17. The housing (1) as claimed in claim 14, wherein the
encircling projection (6) is at least partially inset into the
housing part (3).



